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1 . INTRODUCTION 
Technology and (spatial-)economic dynamics are closely intertwined 
phenomena, and therefore i t i s no surpr ise that the current economie 
stagnation has led to an inereased i n t e r e s t in innovation as one of 
the driving forces for s t ruc tu ra l change (see for instance, Klein-
knecht, 1986). The ro le of innovation has become a central piece of 
current economie research, witness a great many debates on the va l i d i -
ty of concepts l ike 'depression t r i g g e r ' , 'demand pu l l ' and ' technolo-
gy push' . In t h i s context, Stoneman (1983) has made a useful d i s t i nc -
t ion of t h i s research area into the following par t s : the generation of 
new technology, the diffusion pat tern of new technology (including the 
adoption of innovations), and the socio-economic impacts of these 
processes. These three elements will br ief ly be discussed. 
F i r s t , the way new technologies and innovations are being induced 
has been studied quite extensively in the recent l i t e r a t u r e , in the 
context of both the ' long waves' discussion and the 'product cycle ' 
theory. Also the spa t i a l framework of technological innovation has 
received a great deal of a t t en t ion , in ter a l i a in the f i e ld of the 
'urban incubator ' hypothesis (see for an extensive review Davelaar and 
Nijkamp, 1986). 
The second element, v iz . the dispersion of technological innova-
t ions , has also received much a t t en t ion in the past years (see among 
others Brown, 1981), following the e a r l i e r attempts made among others 
by Hagerstrand (1967). Despite path-breaking work in t h i s f i e l d , the 
behavioural and quant i t a t ive-ana ly t ica l background of many contribu-
tions to innovation diffusion has not always been impressive, one of 
the main reasons being that in several cases a behavioural (especial ly 
a micro-economie based) choice theory was lacking. An in te res t ing 
exception in t h i s f ie ld i s a recent publication of Sonis (1986) on the 
re la t ionship between innovation diffusion and spa t i a l change in the 
framework of ecological dynamics. 
Our paper wil l make a modest attempt at r ev i s i t i ng and extending 
some essent ia l elements of s t ruc tu ra l spa t i a l changes caused by tech-
nology diffusion and adoption. The focus of the present paper wil l 
mainly be on the ( spa t ia l aspects of the) diffusion of technological 
innovations ( interpreted here as the design, construction and success-
ful introduction of new (or improved) commodities, se rv ices , produc-
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•tion processes or d i s t r i b u t i o n p roces ses ; see Dieperink and Nijkamp, 
1986). In a broader and more comprehensive context such innova t ions 
may occur as c l u s t e r s , coined ' t e c h n o l o g i c a l regimes ' by Winter 
(1984) . An a t tempt w i l l be made here a t s p e c i f y i n g a s t o c h a s t i c model 
for the adopt ion of innova t ions and the p e r t a i n i n g s p a t i a l develop-
ments . 
The t 'h i rd component of technology r e s e a r c h , v i z . t h e socio-economic 
impac t s , w i l l be d e a l t with i n a l e s s e l a b o r a t e manner h e r e , v i z . 
mainly in r e l a t i o n to s p a t i a l dynamics. For a more e l a b o r a t e t r ea tmen t 
of t h i s s u b j e c t , e s p e c i a l l y as fa r as the t r i a n g u l a r r e l a t i o n s h i p i s 
concerned between t e chno log i ca l change, employment and s p a t i a l dyna-
mics , t he r eade r i s r e f e r r e d t o Nijkamp (1986) . 
The paper i s organized as f o l l o w s . Sec t ion 2 con ta in s a f i r s t ve r -
s ion of a s t o c h a s t i c model for the acceptance of innova t ions in d i f -
f e r e n t s e c t o r s and d i f f e r e n t c i t i e s , based on the t e c h n o l o g i c a l poten-
t i a l for adopt ing i n n o v a t i o n s . In a subsequent s e c t i o n , an i n t r o d u c t o -
ry e x p o s i t i o n of n o n - l i n e a r dynamic models of the Verhu ls t type i s 
g iven , foliowed by an a p p l i c a t i o n of the Verhu ls t type of model, in 
which the impacts of new a c t i v i t i e s on the urban economies ( in d i f f e r -
ent s e c t o r s ) a r e r e l a t e d t o compet i t ion ( i n terms of d i f f e r e n t i a l 
a t t r a c t i v e n e s s f a c t o r s ) between c i t i e s and s e c t o r s i n a s p a t i a l s y s -
tem. Sec t ion 4 provides a l i n k between the acceptance of innova t ions 
and i t s impact on the s p a t i a l evo lu t ion of the m u l t i - s e c t o r m u l t i - c i t y 
sys tem. The paper i s concluded with some r e f l e c t i o n s on the o p e r a t i o n -
a l mechanism of such a dynamic model. 
2. A STOCHASTIC MODEL FOR ADOPTING INNOVATIONS 
The model developed in the p re sen t paper w i l l be based on a s t o c h -
a s t i c theory of s p a t i a l e v o l u t i o n . An at tempt w i l l be made a t con-
s t r u c t i n g a s imple m u l t i - s e c t o r m u l t i - r e g i o n (or m u l t i - c i t y ) model, 
which i s a b l e t o de sc r i be the impacts of t e c h n o l o g i c a l innova t ions i n 
one or more s p e c i f i c s e c t o r s on the s p a t i a l system concerned. Thus t ' e 
main focus of the paper w i l l be on the i n t e r a c t i o n between the evolu-
t i o n of a s p a t i a l system and the- d i f fu s ion of i nnova t ion . 
Let us assume the fo l lowing s t o c h a s t i c b inary choice model for the 
adopt ion of a c e r t a i n t e c h n o l o g i c a l innova t ion (or a t e c h n o l o g i c a l 
reg ime) : 
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k 
r . . 
P ( x i ( k, t ) = 1 • , ( 2 . 1 ) 
r + h . . ï t ï t 
where: p ( * i , k , t ) =probability that a c i ty i with s ize XJ. will 
adopt (the generation and implementation of) 
innovation in sector k at time t 
*i = size of c i ty i (measured in terms of popula-
t ion , e .g .) 
r = volume of ac t iv ies of sector k in the c i ty of 
s ize x. that are able to generate and implement 
a cer ta in relevant innovation in period t 
j< 
h = volume of (remaining) a c t i v i t i e s of sector k i t that - for technical reasons - are unable to 
create and rea l i ze a cer ta in innovation. 
k k Clearly, ( r + h ) represent the to t a l volume of a c t i v i t i e s of sec-
tor k in a c i ty of size Xj_ at time t . I t i s assumed here that 
h i s independent of c i ty size i , as th i s l imi ta t ion i s caused by 
technical reasons, specif ic for sector k, hence: 
h i t= h t ( 2 ' 2 ) 
Here, i t i s assumed that the volume of a c t i v i t i e s r can be decomposed 
into 2 elements, v iz . the c i ty s ize x. and an innovation acceptance 
coëfficiënt g , i . e . , 
r
k
it - g* x . , (2.3) 
where g r e f l ec t s the fract ion of a c t i v i t i e s of sector k in c i ty i 
that can technical ly implement the innovation at hand in t h i s c i ty in 
period t . 
The foregoing model i s assumed to have the following proper t ies : 
(D x. , gkf , hk 5 0 (2 4) 0 < p (x . , k, t ) < 1 K ' 
(2) technical progress implies the following condit ions: 
g£ > 0 ; hk < 0 ; <£ < 0 (2.5) 
k k 
where < ( < è 0) is defined as follows: 
k ht 
Kt = ~ 
gt 
I t i s assumed in the present paper that long-run technological 
k progress ( i . e . , when t -»• ») implies that lim K = 0.. A reasonable 
t~><» 
specif icat ion f u l f i l l i n g t h i s condition for the time t ra jec tory 
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of < may be an exponential function: 
<t= aQ exp (-at t) (2.7) 
Clearly, alternative specifications may quite well be possible. 
(3) lim^ p (xifk ,t) = 1 (2.8) 
i 
This condition i s in agreement with a hierarchical (rank-si ze) 
system.l t i s eas i ly seen t'hat condition (2.8) a lso holds if h =0. 
(4) lim p (x., k, t) - 0 (2.9) 
x.->0 l 
1
 k 
It is also easy to verify that condition (2.9) holds if g = 0 . 
The foregoing properties imply that p(.) satisfies the additivity 
condition and hence may be interpreted as a choice probability, as it 
is easily seen from the binary choice model (2.1) that: 
p(.) + (1-p(.)) = 1 (2.10) 
Furthermore, i t i s also worth noting that permanent long-run techno-
logical progress implies: 
lim p( . ) = 1 (2.11) 
For further expositions on the shape of the adoption curve of inno-
vations the reader i s referred to Allen et a l . (1978). 
Clearly, the de.gr e e of acceptance of innovations in a speci f ic c i ty 
i s depending on c i ty s ize on the one hand and technological progress 
on the other hand. In the l igh t of these observations, i t i s an i n t e r -
est ing question how the dynamics of the spa t i a l system affects the 
innovation diffusion and vice versa. Therefore, in the next sect ion a 
simple model for spa t i a l dynamics based on a Verhulst dynamic model 
will be developed. Despite i t s s impl ic i ty , the qua l i t a t ive propert ies 
of our model will be shown to be f a i r l y i n t r i c a t e . Only simulation 
experiments on a computer are then able to reveal the ful l flavour 
of such a space-time model. Nevertheless, some basic qua l i t a t ive 
propert ies wil l be outlined in sect ion 4. 
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3 . A SIMPLE MODEL FOR SPATIAL DYNAMICS 
In r ecen t y e a r s , a wide v a r i e t y of dynamic (of ten n o n - l i n e a r ) models 
nas been developed in order to desc r ibe the impact of a s i g n i f i c a n t 
exogenous s t imulus (an innova t ion , e . g . ) on the equ i l ib r ium p a t t e r n of 
a dynamic system. A usual s p e c i f i c a t i o n of a genera l dynamic non-
l i n e a r model i s the Verhu ls t equat ion of l o g i s t i c growth (see Maynard-
Smith, 1974): 
x = ax (N-x) - gx, (3 .1) 
where a and g a r e cons tan t pa ramete r s , and where N i s r e l a t e d t o a 
capac i ty l e v e l (or s a t u r a t i o n l e v e l ) for the systems v a r i a b l e x. The 
v a r i a b l e x may r e p r e s e n t , for i n s t a n c e , the économie performance of 
the e x i s t i n g system. 
Suppose now the i n t r o d u c t i o n of a s i g n i f i c a n t t e c h n o l o g i c a l innova-
t i o n (occur r ing in a c l u s t e r e d manner, e . g . ; see Mensen, 1979). This 
new s e t of a c t i v i t i e s may be denoted by y; i t has an impact on the 
e x i s t i n g economy as fol lows (see Ba t t en , 1983): 
x = ax (N-x-Yy) - gx, (3 .2 ) 
where y may e x h i b i t the same dynamic p a t t e r n as x, so t h a t a nes ted 
dynamic process may emerge. This v a r i a t i o n through innova t ions (see 
N i c o l i s and P r i g o g i n e , 1977) evokes the problem of s t e a d y - s t a t e Solu-
t i o n s (see a l s o Al l en , 1976) . In r ecen t years t h i s problem has been 
s t u d i e d q u i t e e x t e n s i v e l y in the l i t e r a t u r e , and fur the> c o n t r i b u t i o n s 
to the f i e l d of such m u l t i - a c t o r Vol t e r r a - L o t k a and p r e d a t o r - p r e y type 
of models can be found among o t h e r s in Brouwer and Nijkamp (1985) , 
Cas t i (1982) , Dendrinos and Mul la l ly (1984), Dendrinos and Sonis 
(1984) , Pimm (1982) , Rals ton (1977), and Samuelson (1971) . 
The s t r e n g t h of those models i s t h a t they a r e ab le t o gene ra t e a 
g r ea t d i v e r s i t y of complex dynamic behaviour whi le r e t a i n i n g s i m p l i c i -
ty in model s t r u c t u r e , a l though an apparent drawback i s s t i l l t h a t 
most of the models a re l a ck ing a t e s t a b l e micro-based behavioura l 
founda t ion . 
In t h i s c o n t e x t , an i n t e r e s t i n g n e o c l a s s i c a l approach t o the choice 
process under ly ing innova t ion d i f fu s ion can be found in Soe te and 
Turner (1984) , who used Nelson and W i n t e r ' s (1982) e v o l u t i o n a r y theory 
of economie growth t o analyze the micro-economie l e v e l of the adopt ion 
6 
and diffusion of new technologies. Their analysis i s however based on 
a determinis t ic approach in which spa t i a l dynamics i s not exp l i c i t l y 
taken into account; néw advances based on s tochas t ic (disaggregate) 
u t i l i t y theory can be found in Haag and Weidlich (1984), who t r i ed to 
develop a p robab i l i s t i c evolutionary spa t i a l model. A review of such 
non-llnear dynamic modeling effor ts can be found in Barentsen and 
Nijkamp (1986). 
Altogether, i t can be concluded that there i s an increasing tendency 
toward eonstructing d i sc re te choice models based on a s tochas t ic 
acceptance (and diffusion) of innovations. 
In the present sect ion an i l l u s t r a t i v e model based on a Verhulst 
specif icat ion wil l be used as a framework for t r ea t ing urban dynamics 
in a spa t i a l system. The fundamental .growth equation for c i ty i i s 
supposed to be: 
X i = ox1(N + E e k v k - x . ) - g x . , (3-3) 
k 
where a i s the b i r th r a t e of urban a c t i v i t i e s , 6 the death r a t e of 
exis t ing a c t i v i t i e s , M the i n i t i a l physical-economic carrying capacity 
for economie a c t i v i t i e s of the c i t y , v. the volume of new a c t i v i t i e s 
in sector k generated in c i ty i (measured in appropriate u n i t s ) , and 
e^ the impact of new a c t i v i t i e s in sector k on the growth of c i ty i . 
k k Thus the expression E e v. indicates the capacity growth in the o r i -
k X 
ginal volume N, due to the introduction and implementation of new 
a c t i v i t i e s k. 
Next, the growth of these new a c t i v i t i e s in sector k in c i ty i may 
be represented as follows (see also Allen et a l . , 1978): 
vk =
 n v
k ( e k - ó k v k ) , (3.4) 
where n i s the growth r a t e of these new a c t i v i t i e s , e. the volume of 
employment (or, in gencral terms, production fac tors) tha t might 
po ten t ia l ly be generated in sector k in c i ty i ( i . e . , a ce i l ing for 
new urban a c t i v i t i e s ) , and 5k a market threshold coëfficiënt in 
sector k. 
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In addition, one may assume: 
ei = u dit (3.5) 
where d. i s the demand for the products generated by sector k in c i ty 
i , and .yk a (constant) parameter l inking the effect ive demand for k 
to the i r potent ia l employment opportunities (usually, yk > 1). 
Besides, the to ta l demand in c i ty i generated by res idents of other 
c i t i e s j i s - in case of absence of spa t ia l competition - equal to: 
d ^ = Xk x. / ( p ^ ) v (3.6) 
where p . . i s the c . i . f . pr ice of a unit of products from sector k, 
produced in i and shipped to res idents in j ; Xk and v are j u s t 
normal react ion parameters. 
Now the price p . . i s supposed to depend on communication costs between 
c i t i e s i and j as follows: 
P*j - PÏ * * \ j , (3.7) 
where p. i s the f . o . b . p r ice , d. . the distance between i and j , and 
tjjk the unit communication cost . 
Next, one may introducé spa t ia l competition between c i t i e s on the 
basis of an a t t rac t iveness indicator a. . for sector k which incorpo-
urban f a c i l i t i e s and price levels of sector k: 
a^ - p V < p j / (3.8) 
where a . . i s the r e l a t i v e a t t rac t iveness of c i ty i for res idents of 
c i ty j , n^ the share of f a c i l i t i e s in c i ty i , while e and p are 
s tandardizat ion parameters. 
Consequently, the demand in c i ty i generated by households outside 
c i ty i i s co-determined by the r e l a t i v e a t t rac t iveness of c i ty i , so 
that equation (3.6) may be adjusted as follows: 
M , k . . k ,v , k . . k .v+6 ,-, ^ 
d. . =x x . a . . / ( p . . ) - x x .pn. / ( p . . ) (3.9) 
I t i s eas i ly seen that the to t a l sectoral demand can be d i rec t ly 
calculated from (3-9), while also (dis)economies of scale may be 
incorporated. By subs t i tu t ing now (3.9) into (3 .5) , foliowed by a 
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s u b s t i t u t i o n of (3 .5) i n t o ( 3 - 4 ) , equa t ions (3'.3) and (3 .4) d e s c r i b e a 
h igh ly n o n - l i n e a r dynamic e v o l u t i o n of a s p a t i a l systera composed of 
competing r e g i o n s , which might l e ad t o compet i t ive exc lus ion (see a l s o 
Johansson and Nijkamp, 1986). Thus var ious types of dynamic behaviour 
may emerge, depending on the i n i t i a l cond i t i ons and the var ious p a r a -
meters of the system. As the a n a l y t i c a l p r o p e r t i e s of t h i s model a re 
hard t o t r a c é , u s u a l l y s i m u l a t i o n experiments have t o be c a r r i e d out 
i n order t o s tudy the s t a b i l i t y and equ i l i b r ium p r o p e r t i e s of such a 
model. Having p resen ted now a model for s p a t i a l compet i t ive dynamics, 
we w i l l in the next s e c t i o n i n t e g r a t e the elements of the innova t ion 
d i f fu s ion model d iscussed i n s e c t i o n 2. 
4. INNOVATION DIFFUSION AND SPATIAL DYNAMICS 
As mentioned in s e c t i o n 2, t e c h n o l o g i c a l p rogress impl ies t h a t t he 
r a t i o of a c t i v i t i e s which cannot t e c h n i c a l l y impleraent a c e r t a i n 
innova t ion wi th r e s p e c t to those which a r e a c t u a l l y a b l e t o do so i s 
d e c l i n i n g ( see condi ton (2 .5) and ( 2 . 6 ) ) . C l e a r l y , an innova t ion w i l l 
only be s u c c e s s f u l l y in t roduced i f i t c r e a t e s a decrease i n p roduc t ion 
c o s t s c . . , i . e . , i f i t ' 
< k .< 0 - c k .< 0. (4 .1 ) 
i j ï u 
C l e a r l y , c o s t sav ings w i l l l ead t o a r e d u c t i o n i n the f . o . b . p r i c e p. 
in equat ion ( 3 - 7 ) , so t h a t then s e c t o r k i n c i t y i improves i t s compe-
t i t i v e p o s i t i o n , i . e . , 
p k = f ( c . t ) . (4 .2) 
Consequent ly , once cond i t i on (4 .1) i s f u l f i l l e d , the ba s i c model 
l i n k i n g acceptance of innova t ions to s p a t i a l dynamics i s composed of 
equa t ions ( 2 . 1 ) , (3-3) and (3 .4) ( a f t e r s u b s t i t u t i o n of the p e r t a i n i n g 
e q u a t i o n s ) . 
Now the mechanism of t h i s model and i t s f e a t u r e s may be exp la ined as 
f o l l o w s . Suppose a major t e c h n o l o g i c a l innova t ion t a k i n g p lace in a 
c l u s t e r - w i s e manner and p e n e t r a t i n g the ma jo r i ty of a l l s e c t o r s k ( the 
i n fo rma t i e s r e v o l u t i o n , e . g . ) . The spa t i a l - eeonomic spread e f f e c t s of 
such an informat ion wave can then be t r a c e d as f o l l o w s . F i r s t , t h e r e 
i s an i n i t i a l d i f fu s ion of innova t ion according t o equat ion ( 2 . 1 ) . I f 
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city i is large, it will probably incorporate directly a large share 
of the innovation (reflected by a high value of p(.)), while the 
(hierarchical) spatial diffusion of the innovation concerned will 
depend on the size of cities in the spatial system, 
Next, the time path (i.e., the adoption rate over time) of the 
!< 
innovation depends on the vaiue of <. and i t s impact on production 
cos t s . Clearly, the combination of both processes may lead to the 
well-known space-time processes in dynamic geographical systems (see 
Grif f i th and Lea, 1984). The way these combined processes affect the 
spa t i a l system can now be described in a stepwise way. 
(1) Define the exis t ing spa t i a l system with c i t i e s i and sector k by 
means of the abovementioned s t a t e variables and re la ted para-
meters. 
(2) Identify the r a t e of potent ia l technology acceptance parameters 
K. for the successive time periods and calcula te the correspon-
ding probabi l i t i es p( . ) for each c i ty i and each sector k. 
(3) If condition (4.1) i s f u l f i l l e d , one may use (4.2) (as well as the 
remaining equations) to analyze the impact of a major innovation 
(accepted in many sectors) on the dynamic evolutlon of a competi-
t ive spa t i a l system. If, for ins tance, c i t y s ize XJ_ increases 
(see (3-3) ) , then p( . ) will increase (see (2 .1) ) ; a higher adop-
tion r a t e of innovation wil l decrease production costs and hence 
the competitive postion of c i ty i , so that employment growth will 
take place, leading to a growth in i , e t c . 
The dynamic development of such a spa t i a l system might be generated 
or reproduced by means of simulation experiments. To some extent , the 
diffusion mechanism of th i s model i s aligned to the Chr i s ta l le r frame-
work, especial ly because c i ty s ize plays a major ro le in the adoption 
r a t e of innovations. However, because of the distance decay function 
for communication cos t s , the model i s also exhibit ing a dis tance-
re la ted diffusion pa t te rn . Clearly, technological innovation might 
also lead to a reduction in communication cos t s . Given the pos i t iv t 
impact of large c i t i e s on the acceptance ra tes of innovations, there 
i s some reason to assume that large c i t i e s will become larger in our 
dynamic system. Consequently, beyond a cer ta in threshold level of c i ty 
s i z e , i t might be important to include a negative ex t e rna l i t i e s factor 
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in order to allow the model to generate a broad spectrum of different 
spa t i a l behaviour. 
5. C0NCLUSI0N 
The approach presented in the previous sections was essen t ia l ly 
based on the competitive aspects of spa t i a l dynamics. A proper choice 
and implementation of new technology in a cer ta in place enhances i t s 
efficiency and hence i t s r e l a t ive growth chances in a spa t i a l system. 
This growth was assumed to 'be caused by a simultaneous occurrence of 
both producer behaviour and consumer behaviour in the adoption of 
technological innovations. 
I t should be added that t h i s model as such i s not ful ly operational 
(in terms of empirically based quant i ta t ive models), although - by 
means of simulation experiments, e .g . - i t may reveal a d ivers i ty of 
space-time pa t t e rns , emanating from the interplay of economie and 
technological key forces (for example, by means of an evolutionary 
event h is tory ana lys i s ) . 
Our approach emphasizes the impact of technology on production 
processes and, hence, on growth of c i t i e s through mul t ip l ie r processes 
emerging from innovations and re la ted agglomeration forces . In an 
analogous manner, our model might be used to t racé the impacts of new 
information technology (NIT) on c i ty s ize in a technology-driven 
spa t i a l system through an analysis of agglomeration forces associated 
with different kinds of technology. Altogether, the potent ia l of t h i s 
model can be further explored under different economie-technological 
regimes. 
Final ly , i t i s worth noting that a space-time model l ike the one 
considered in t h i s paper, i s f a i r l y complex in the sense that i t i s 
not possible to represent the content of the model i i terms of a few 
easi ly t r ac tab le qua l i t a t ive (of quant i ta t ive) p roper t i es . However, 
t h i s i s the trade off to be faced, if one wants to model the interplay 
of economie and technical forces in an evolutionary context, whereby a 
divers i ty of space-time pat terns can be studied. 
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